In the emergency department (ED) of a teaching hospital, rapid sequence intubation (RSI) is performed by physicians with a wide range of experience. A variety of medications have been used for RSI, with potential for inadequate or excessive dosing as well as complications including hypotension and the need for redosing. We hypothesized that the use of a standardized RSI medication protocol has facilitated endotracheal intubation requiring less medication redosing and less medication-related hypotension.
A irway control is the first priority in the initial resuscitation and management of the patient with significant traumatic injury. Many of these patients require endotracheal intubation for definitive airway management. While some patients are intubated in the field before hospital arrival or at transferring institutions, a significant proportion are intubated in the emergency department (ED) on arrival. This task is often challenging in a patient who may have agitation, unconsciousness, hypotension, cervical spine injury, or an obstructed airway. Rapid sequence intubation (RSI) is ideally suited for the management of acutely injured patient. The benefits of RSI include rapidity of airway control, decreased pulmonary aspiration, and a high success rate. 1 RSI includes the use of an induction agent followed by a paralytic agent to achieve optimal conditions for intubation. This drug regimen should produce sedation, neuromuscular paralysis, maintain hemodynamic stability, and prevent vomiting and intraocular content extrusion. 2 Numerous medications have been used to facilitate intubation. The ideal medication is one that has a short onset and duration of action as well as minimal immediate or delayed adverse effects and can be used for most patients. Commonly used premedications and induction agents include fentanyl, midazolam, etomidate, ketamine, thiopental, and propofol. Each of these have advantages and potential adverse effects.
The procedure of RSI requires quick decision making as to which medications and doses are to be used. Selection of agents can be difficult because of the many medications and combinations of medications available, which can delay and complicate treatment. In addition, inadequate sedation and relaxation may lead to multiple or unsuccessful intubation attempts, resultant hypoxia, and potential aspiration. The use of a simplified algorithm can potentially address this problem. The purpose of this study was to examine ED intubation of trauma patients before and after implementation of an RSI protocol. We hypothesized that the use of a standardized protocol using ketamine for induction in combination with a paralytic agent has facilitated endotracheal intubation requiring fewer attempts, less redosing of medication, and a decreased incidence of hypotension.
PATIENTS AND METHODS
Community Regional Medical Center (CRMC) is a 650-bed Level 1 trauma center with approximately 3,200 patients added to the trauma registry annually. CRMC is also the main teaching hospital for the University of California, San Francisco-Fresno's Emergency Medicine (EM) and General Surgery (GS) Residency programs. ED intubation of trauma patients is typically performed by either EM and GS secondyear or greater residents with guidance from EM and trauma attending physicians as needed. Residents are required to complete advanced trauma life support training as well as an anesthesia rotation before managing critically injured patients.
An RSI protocol was developed by a committee of EM and GS faculty and CRMC clinical pharmacists. The CRMC Trauma Audit Committee, including members from EM, ED nursing, respiratory therapy, anesthesia, neurosurgery, and trauma surgery subsequently approved the use of the protocol for all trauma patients including pediatrics. Implementation began in early 2010. Before this, the individual physicians performing the RSI determined medications and doses used during RSI on a case-to-case basis.
The RSI protocol consisted of preoxygenation with 100% oxygen via a non-rebreather mask followed by induction with ketamine 2 mg/kg intravenously administered, then paralysis with either succinylcholine 1.5 mg/kg intravenously administered or rocuronium 1 mg/kg intravenously administered. Age or head injury were not contraindications to receiving this protocol. Alternative medications were available if the physician thought they were needed for a specific patient. Laryngoscopy and intubation proceeded in standard fashion. Residents performed essentially all intubations with supervision and assistance as needed from attending physicians.
A retrospective chart review was conducted of all trauma patients, identified from the CRMC trauma registry, who were intubated in the ED between January 1, 2009, and April 1, 2011. The RSI protocol was implemented and used for trauma patients intubated from January 17, 2010, to March 3, 2011 ; patients intubated between January 1, 2009, and January 10, 2010, did not receive the RSI protocol and constituted the comparison group. The CRMC/University of California, San FranciscoFresno Institutional Review Board approved the study. A standardized data sheet was created and used to collect data points, which include the following: name, medical record number, age, weight, sex, date, mechanism of injury, Injury Severity Score (ISS); Abbreviated Injury Scale (AIS) score for head and chest; drugs and doses used for RSI as well as reason and medications used for redosing; indication for RSI, number of RSI attempts, and the need for more experienced physician to intubate; need for surgical airway; and pre-RSI and post-RSI vials including heart rate, systolic blood pressure, oxygen saturation, as well as the use of cervical spine immobilization. The reason for redosing of medications was inferred or directly obtained from nursing documentation.
Prehospital care is provided by essentially a single emergency medical service (EMS) agency where cervical spine immobilization has been the standard of care. It is institutional practice at CRMC to maintain in-line cervical stabilization during intubation of all trauma patients who have not had cervical spine clearance (in this case, essentially all the patients). The use of cervical spine immobilization is documented in the EMS ''run sheet'' and in the ED nursing charting.
Hypotension was defined as systolic blood pressure less than 90 mm Hg, tachycardia greater than 100 beats per minute, and bradycardia less than 60 beats per minute. The Broselow tape was used to define normal vital signs in pediatric patients based on age. Redosing of medications was defined as the need to redose an induction agent or muscle relaxant to accomplish the task of intubation. The time from ED arrival to RSI was considered ''pre-RSI,'' while ''post-RSI'' was considered within 30 minutes after intubation. Statistical analysis of data was performed using the Student's t test and W 2 analysis, with significance attributed to p G 0.05.
RESULTS
During the 27-month study period, 326 patients presented to CRMC already intubated, either by EMS personnel or at transferring facilities. These patients were not included in the study. A total of 563 patients were reviewed, of whom 439 patients met inclusion criteria. One hundred four patients were excluded because they were either without vital signs on arrival or intubated without the need for medications. An additional 20 patients were excluded: 7 were intubated before arrival at CRMC, 3 were not trauma patients, 6 were not intubated in the ED, and 4 had insufficient medical records or chart availability. Two hundred sixty-six patients were intubated before the RSI protocol (PRE) implementation and 173 patients were intubated using the protocol (KET).
Overall, the mean patient age was 40 years with a range of 1 year to 91 years; 341(77.7%) were male. Patients were severely injured, with a mean ISS of 24, and the median AIS score for the head/face was 3. The PRE and KET groups did not differ from each other with respect to age, ISS, or AIS score. Most of the patients (396, 90%) had sustained blunt trauma, with similar percentages between groups. Of the patients, 237 (89.1%) in the PRE group and 164 (94.8%) in the KET group had cervical spine precautions maintained during RSI (Table 1) . Indications for intubation included the following: altered metal status, respiratory distress, airway protection, hemodynamic instability, and other (Table 2 ).
In the PRE group, 26 patients (9.7%) were younger than 14 years, while 10 patients (5.8%) in the KET group were younger than 14 years. In children younger than 14 years, two Medications administered in the PRE group included midazolam, etomidate, or fentanyl combined with succinylcholine, rocuronium, or vecuronium. Once the ketamine protocol was instituted, compliance was nearly 90%, with a mean ketamine dose of 1.9 mg/kg and a range of 1.0 mg/kg to 3.0 mg/kg. Fifteen adult patients in the PRE group and three adult patients in the KET group, (p G 0.05, W
2 ) required redosing of medications to complete intubation. The time from medication administration to RSI decreased from 4 minutes to 3 minutes (t test, p G 0.05). Sixteen patients (6%) in the PRE group and six (3.6%) patients in the KET group had hypotension within 30 minutes of RSI; however this was not statistically significant. No patient in either group required a surgical airway.
DISCUSSION
A major feature of our RSI protocol is the use of ketamine for sedation before neuromuscular blockade. Ketamine is a dissociative medication used for its sedative and anesthetic properties. It inhibits the excitatory effect of glutamate in thalamocortical pathways and the limbic system thereby producing analgesia. It also increases central nervous system sympathetic outflow and decreases reuptake of catecholamines producing an increase in blood pressure, stroke volume, and heart rate while maintaining systemic vascular resistance. 3, 4 These effects make it a particularly attractive induction agent in the setting of shock.
A number of other drugs have been used to facilitate intubation, but each has potentially significant drawbacks. Midazolam, 5 propofol, and barbiturates, although frequently used, can each cause hypotension and tachycardia. 6 These are potentially dangerous in trauma patients with hypovolemia and hemodynamic instability. 7 Lidocaine has also been used as an adjunct for endotracheal intubation, particularly for patients with traumatic brain injury; however, there is no evidence to support the use of intravenously administered lidocaine to attenuate a rise in intracranial pressure (ICP) with intubation. 8, 9 Etomidate, a sedative-hypnotic is associated with adrenocortical insufficiency, and potentially deleterious effects when used in trauma patients. 10Y12 Warner et al. 13 noted an increase in the development of adult respiratory distress syndrome and multiorgan dysfunction in trauma patients who were intubated with etomidate.
Historically however, ketamine was thought to increase ICP, thereby making it contraindicated for patients with traumatic brain injury. The initial reports of increased ICP associated with ketamine use came from small case reports consisting of up to four patients, without acute brain injury published in the early 1970s.
14Y16 One study extrapolated ICPs from measuring intrathecal pressure during lumbar puncture. 15 Most of the patients with increased ICP in these early reports had obstructed hydrocephalus or other ventricular obstruction. These studies also failed to measure or discuss any associated changes in blood pressure and central perfusion pressure (CPP) during ketamine administration. In normal cerebral autoregulation, a potential rise in ICP is accompanied by an increase in mean arterial pressure, thereby maintaining CPP, which actually may help prevent secondary brain injury. 17, 18 The decrease in reuptake of catacholamines caused by ketamine, which then leads to elevated blood pressure, increases CPP even for patients who have severe brain injury and loss of ability to autoregulate.
More recent prospective trials have demonstrated no significant rise in ICP or decrease in CPP associated with ketamine use.
19Y21 Bar-Joseph et al. 19 reported a decrease in ICP of 30% without an accompanying decrease in blood pressure or CPP in 30 mechanically ventilated children with head injuries who had been given ketamine for sedation. Twenty patients who received general anesthesia, undergoing craniotomy, were given ketamine. A small decrease in ICP with no change in mean arterial pressure or CPP was noted. 20 Schmittner et al. 21 compared ketamine to fentanyl in combination with methohexitone for sedation in 24 ventilated intensive care unit patients with traumatic brain injury or aneurysmal subarachnoid hemorrhage. Patients who received ketamine had a tendency to require less norepinepherine to maintain CPP and did not have elevated ICP. Furthermore, head trauma has been eliminated as a contraindication to ketamine use in the recently updated clinical practice guideline for ED ketamine dissociative sedation because of the lack of evidence supporting ketamine as being dangerous in acute brain injury. 22 In a rat model with traumatic brain injury, Ward et al. 23 studied the effects of ketamine on cerebral inflammation and found that even at a doses of 7 mg/kg and 70 mg/kg, ketamine did not increase cerebral edema. Although the antiinflammatory properties did not decrease cerebral cytokines, it also did not exacerbate cytokine production or increase edema. These help demonstrate the safe and effective use of ketamine especially for patients with traumatic brain injury.
Ketamine is also safe to use in pediatric patients as young as 3 months. 12, 19, 22 Initial studies citing concerns over airway complications have been determined to be too small in size to draw definitive conclusions. 22, 24, 25 Melendez and Bachur 26 performed a case-control study of 4,252 pediatric patients who had received ketamine for procedural sedation. Serious respiratory complications such as those requiring intubation were rare, occurring in 0.9% of patients.
Ketamine has been known to cause negative psychotropic effects, particularly on emergence; this is usually mitigated with benzodiazepines. We have not noted these effects in trauma patients intubated with ketamine because they are generally not extubated for several hours to days after ketamine administration. In addition, since almost all patients were being continued with mechanical ventilation, continuous administration of sedation was started, most often with midazolam and fentanyl before these effects occurred. One of the desired characteristics of a sedative agent in RSI is rapid onset of action. In addition, since patient weight is generally unknown in the emergency setting, dose selection should be as simple as possible, with predictable action in all patients. When used at an intravenously administered dose of 2 mg/kg, ketamine has an onset of action of 30 seconds to 40 seconds. At doses used for anesthesia induction, at a dose of 0.3 mg/kg, etomidate's onset of action is 30 seconds to 60 seconds, and the onset for midazolam is 1 minute to 2.5 minutes. 27 Midazolam also has more variability of dose needed between patients to attain similar sedative effects. In our study, the time to intubate decreased from a mean of 4 minutes to 3 minutes when ketamine was used for induction likely because of the fast onset of action compared with other medications. A decrease in the time from administration of medication to RSI leads to increased efficiency and possibly a decreased perception of difficult intubation.
The KETASED Collaborative Study Group compared critically ill patients using ketamine or etomidate induction for endotracheal intubation in a randomized controlled trial of 655 critically ill patients undergoing emergency intubation. There was no significant difference between the two groups with regard to mortality, intubation difficulty score, or early complications after intubation. The two groups also did not differ with respect to weaning from mechanical ventilation or catecholamines. There were more patients with adrenal insufficiency in the etomidate group having patients with lower basal cortisol levels and more patients who did not respond to an adrenocorticotropin hormone stimulation test. 28 Some limitations of the present study should be considered. In a retrospective analysis of patient charts, the precise documentation of vital signs at specific times, time from drug administration to endotracheal intubation, or number of attempts at RSI may be difficult to retrieve. Some of the documentation regarding the number of intubation attempts was not always clear. An attempt at RSI was not clearly defined. Some may consider direct laryngoscopy as an attempt, while others may believe that trying to pass an endotracheal tube constitutes an attempt. The number of attempts at intubation were documented by the physician performing RSI and may be underrepresented given differing definitions. Moreover, not surprisingly, all of the patients who were documented as having multiple attempts at intubation were also in cervical spine precautions. Since these limitations were present in both the PRE and KET groups, we believe that they did not contribute to differences between the two.
The main advantage of a defined RSI protocol is the ease of its administration. At a teaching institution, there are many people with varying levels of experience involved in the initial management of trauma patients. The relatively limited experience of residents performing the intubations may contribute to increased difficulty, more attempts, and increased time to intubation. The individual residents rotating in the ED and trauma services change over time; therefore, a standardized approach that is both easy to follow and remember has improved efficiency of RSI. Having a simple approach to RSI has streamlined the procedure. By using only a few medications, physicians, nurses, and pharmacists can have them more readily available at appropriate doses. Once the protocol was implemented, there was a 90% compliance rate. Others have also reported success with a protocol-driven approach to RSI of acutely injured patients. 29, 30 The concept behind protocol driven approaches is that routine clinical care is enhanced when interdisciplinary teams of health professionals use evidence-based protocols to complement their clinical judgment reducing unnecessary variations in practice. 31 Our RSI protocol is a guideline with the intention to streamline intubation of trauma patients with the goal of having mediations readily available, reduce errors in dosing of medications, and achieve safe and efficient intubation. A number of large, randomized, prospective trials have demonstrated that strategies run by health care professionals can not only reduce variation and cost of medicine but also improve morbidity and mortality of critically ill patients. 32 
CONCLUSION
The use of an RSI protocol for intubation of trauma patients in the ED results in an increased efficiency and success. Having a single simple protocol that is appropriate for patients of all ages and types of injuries facilitates correct dosing and ease of drug administration. The use of ketamine as an induction agent is effective in both pediatric and adult trauma patients including those with traumatic brain injury.
